immobilize ECM ligands, FN or LN (1 mg/50 ml of [15] . In the present study, the adhesion of CD4+ PBS/well ) were incubated (1 h, 37°C ) in flat-bottomed micro-T cells from dialysed patients, to ECM, FN, and LN titre plates. The plates were then washed with PBS and the was determined in vitro, in order to evaluate whether remaining binding sites blocked (1 h, room temperature) these cells also exhibit a reduced adhesion due to an with 2% BSA in PBS. Purified human CD4+ T cells (n= intrinsic cellular defect. 105 ) were labeled (1 h, 37°, 10% CO 2 ) with Na51 2 CrO4 (New England Nuclear, Boston, MA; 3-5 mCi/106 cells/100 ml of FCS). The cells were then washed three times with PBS,
Subjects and methods
counted and resuspended in adhesion medium (RPMI 1640 medium supplemented with 2% BSA, 1 mM Ca2+, 1 mM Mg2+, 1% sodium pyruvate, and 1% HEPES).
[51Cr]-labeled
Patients
T cells were seeded onto ECM-, FN-or LN-coated microtitre wells and incubated for 30 min at 4°C. Phorbol-12-myristateThe blood of 26 dialysis patients and 13 age and sex matched 13-acetate (PMA) (25 ng/ml, final concentration) was added healthy volunteers (control group), was obtained by perito the wells to activate the cells. After an incubation (1 h, pheral vein puncture. Of the 26 patients, 15 were on haemo-37°C, 10% CO 2 ) the plates were washed with PBS to remove dialysis (HD) and 11 on continuous ambulatory peritoneal non-adherent cells, and the adherent cells were lyzed with dialysis (CAPD). There were no patients with cachexia, NaOH (1 N ) 
Preparation of human CD4+ T cells
30 min, 37°C ]) CD4+ T cells was determined by indirect immunofluorescence. Purified CD4+ T cells (106/ml, final CD4+ T cells were purified from the peripheral blood mono-concentration) were preincubated (48 h, 37°C ) with adhesion nuclear leukocytes of dialysis patients and healthy donors as medium. The T cells were then washed and incubated previously described [16 ] . Briefly, the mononuclear cells were (30 min, 4°C ) with murine anti-human integrin mAbs (anti isolated on a Ficoll gradient, washed, and incubated (37°, VLA-4, anti VLA-5, or anti VLA-6 diluted 1/400, in PBS 10% CO 2 -humidified atmosphere) in tissue culture plates. containing 0.05% BSA and NaN 3 ) or murine anti-human After 2 h, the non-adherent cells were removed and enriched CD29 (common b 1 chain of the integrin) mAb (diluted for T cells by passage through nylon wool columns 1/400). Next, the T cells were washed and incubated (30 min, (Polysciences, Inc. Warrington, PA). CD4+ T cells were 4°C ) with FITC-conjugated Fab fragments of goat antinegatively selected using a mixture of anti-CD8, CD19, and mouse Abs (Jackson Immuno Research Laboratories, Inc., CD14 mAb conjugated to magnetic beads (Advanced West Grove, PA). The fluorescently-labeled cells were then Magnetics Inc., Cambridge, MA). The resulting cell popula-washed extensively, fixed with PBS containing 1% paraformtion consisted of >90% CD4+ T cells.
aldehyde, and subjected to flow cytometric analysis in a FACScan flow cytometer (Becton Dickinson, Mountain View, CA). Expression of integrins was then determined as
Quantitation of CD4+ T cell adhesion
the difference between cells stained with relevant anti-integrin antibodies and those stained with the isotype matched irrelevThe adhesion of CD4+ T cells to intact ECM and immobil-ant control antibodies. The results were depicted as histoized FN and LN was assessed as previously described [16 ] . grams, the ordinate indicating number of cells and the Briefly, freshly isolated bovine corneal endothelial cells abscissa the intensity of fluorescence. (5×104 cells/ml ) were cultured in flat-bottom 96-well plates Control group CD4+ T cells were incubated with adhesion in DMEM supplemented with 5% dextran T-40, bovine calf medium and with serum from dialysed patients. serum, fibroblast growth factor (100 ng/ml ), and antibiotics. After 6-8 days at 37°C in a 10% humidified atmosphere, the confluent layers of endothelial cells were dissolved by expo-Laboratory methods sure to PBS/0.5% Triton 0.1%, 20 mM NH 4 OH for 3 min at 22°C. This procedure yielded an intact ECM attached to the Serum haemoglobin, creatinine, Ca, P and albumin were estimated by using standard laboratory procedures. PTH entire surface area of the wells which were free of serum proteins, nuclei, and cytoskeletal and cellular debris. To levels were determined by using N-tactA PTH SP Kit 
Statistical analysis
Differences between groups were analysed by the Student ttest. P values<0.05 were considered to be statistically significant. To correlate adhesive capacity of the T cells with patients' age, duration of chronic renal failure or dialysis, Kt/V value, type of dialyzer, serum haemoglobin, creatinine, albumin, CaxP product, parathyroid hormone (PTH ) levels, dose of erythropoietin (EPO), and the calculation of Pearson's coefficient was performed. shown in Table 1 . Mean age was 50.5±17 years and 52.7±19 years in HD and CAPD, respectively. There were 16 males (nine on CAPD), and 10 females (two on CAPD). HD patients had been dialyzed for almost 6 years (71.5±71 months), and those on CAPD for 1.5 years (19.8±22.2 months). Eight of the HD patients were treated with either cellulose triacetate or polysulfone, and seven used cuprophane dialyzers. tutes an integral part of the immunodeficiency syndrome observed in ESRD [8, 10] . This impaired function is due to the effect of circulating inhibitors in uraemic sera [8, 9] and, possibly, to an acquired functional defect of T cells of dialysis patients. Uraemic sera have also been shown to inhibit the adhesive and proliferative capacity of normal T cells to specific stimuli, without a modification in the cell surface expression of integrins [15] . Although a structural change in integrin receptors is possible, the abnormal adhesion may result from an intracellular defect induced by uraemic milieu. In the present study we found a reduced capacity of uraemic CD4+ T lymphocytes to adhere to intact ECM and its immobilized components, FN and LN. Depressed adhesion was not corrected by a non-uraemic environment. patients. CAPD patients demonstrated a more pronounced adhesion defect than HD patients. No differThere were no significant correlations between the ences were found between the two groups of patients percentage of adherent cells and duration of chronic with regard to several parameters known to affect the renal failure or dialysis, Kt/V value, type of dialyzer, immune response in uraemia, as outlined in results. A serum haemoglobin, creatinine, CaxP product, PTH significant positive correlation was found between levels, and the dose of EPO in patients with haemoserum albumin level and the adherence capacity to globin levels>11 g/dl.
Results

Patients
ECM and its components. This finding was mainly Significant correlations were found between: dependent on the CAPD cohort whose serum albumin (i) age and adherence to LN (r=0. fact that decreased serum albumin adversely affects ( Figure 3 ). On separating HD from CAPD, the CD4+ T cell adhesion is in keeping with the well correlation to serum albumin was seen to be mainly known depressive effect of malnutrition on T cell based on the CAPD cohort whose albumin level function [20] . However, our CAPD patients were was significantly lower than that of HD patients considered well dialysed with no clinical and laboratory (3.68±0.10 vs 4.22±0.09 g/dl, respectively, evidence of malnutrition. In support of our in vitro P<0.001).
findings is the recent report by Fernandez et al. which With regard to the other parameters known to affect documented noticeable differences in the immune the immune response in uraemia, such as serum haemoresponse to hepatitis B vaccination in haemodialyzed globin, creatinine, Ca (including calculated ionized patients as a result of even minimal changes within Ca), CaxP product, and PTH levels, no differences normal range of serum albumin [21] . were found between patient groups.
Albumin, per se, may, therefore be an independent variable affecting the immune system. This may explain Cell surface expression of b 1 integrins on T cells the reduced adhesive capacity observed in CAPD Because defective patients' T cell adhesion to ECM, patients. It may also be the explanation for a dimin-FN, and LN could be due to modified expression of ished adherence of T cells to LN in older CAPD surface b 1 integrin receptors, the level of b 1 integrins patients (negative correlation), by contrast, an on the T cell surface was evaluated by FACScan increased adherence was seen in normal subjects and analysis. Surface expression of VLA integrins on T cells haemodialyzed patients with advancing age. The latter (resting or activated) was not affected as reflected by finding is in agreement with the report by Smart et al., the number of positively stained cells and the density in which lymphocytes from aged donors had a higher of integrin receptors on those cells.
level of adherence to vascular endothelium [22] . In summary, the results presented herein demonstrate that Discussion CD4+ T cells from dialyzed patients exhibit abnormal adhesion properties to ECM, and its major components, FN and LN. The pathogenetic mechanism of this Defective T cell function, as shown by a depressed proliferative response to non specific stimuli, consti-adhesion defect is not mediated via a change in expres-
